The complete nucleotide sequence of a rice nuclear 17S rRNA gene (rDNA) has been determined. The rice rDNA is 1812 bp long and its G + C content is 51.3%. This nucleotide sequence shows 79%, 80% and 80% homology to those of yeast, Xenopus laevis and rat 18S rDNAs, respectively. Divergency of nucleotide sequences is largely attributed to five blocks of highly variable regions , where eukaryotic specific sequences can be observed.
INTRODUCTION
Eukaryotic ribosomes contain four species of rRNAs. The 25-28S, 5.8S and 5S rRNAs are associated with the 60S ribosomal subunit and the 17-18S rRNA is associated with the 40S subunit.
Determination of primary structures of eukaryotic 17-18S rRNAs is essential for understanding the subunit association, ribosomal assembly and interaction with mRNA, 5S r'INA and tRNA. Furthermore, comparative sequence analysis of rDNAs from a variety of organisms is regarded as one of the effective methods for deducing a secondary structure as well as for providing some insight into evolutional trends. However, the complete nucleotide sequences so far determined are limited to yeast (1) , Xenopus laevis (2), rat (3) and Dictyostelium discoideum (4).
We have recently cloned a major class (7.7 kbp, formerly designated as 5.0 Md) of rice rDNA repeating units and determined the entire nucleotide sequence of a spacer region between 17S and 25S rDNAs (5) . In the present study, we present the complete sequence of a rice 17S rDNA and compared it with corresponding sequences of yeast, X. laevis and rat. This is -to our knowledge-the first complete nucleotide sequence of a 17S rDNA from higher plants. Its length and sequence is highly conserved among eukaryotic organisms.
MATERIALS AND METHODS
Recombinant plasmid pRR217 contains whole rRNA gene sequences in its inserted 7.7 kbp EcoRI fragment (5). The plasmid DNA was cleaved with BamHI + Hindi, BamHI + BstEII or SacII. The digested DNA fragments were fractionated in 4.5% polyacrylamide gels. The 2.4 kbp BamHI -BstEII fragment, 0.78 kbp BamHIHindi fragment, 0.29 kbp and 1 kbp Hindi fragments and 0.8 kbp SacII fragment that encode 17S rDNA were recovered from the excised gel pieces and sequenced by the chemical method as described (5) .
RESULTS AND DISCUSSION
Recombinant plasmid pRR217 contains a major class (7.7 kbp) of rice rDNA repeating unit (5) . The DNA fragments encoding the 17S rDNA were isolated from pRR217 DNA and used for sequencing. A detailed physical map and the sequencing strategy are shown in Fig. 1 . Most of the regions were confirmed by sequencing in opposite directions and more than twice in the same directions. Fig. 2 shows the complete nucleotide sequence (RNAlike strand) of the 17S rDNA. The 5' end of rice 17S rDNA was deduced by comparison with 18S rRNA sequences from other organisms . The 3' end was assigned based on the 3' terminal sequences of wheat 17S rRNA (6) . The T residue at the 5' end is found to be identical among eukaryotic organisms sequenced so far, while the G residue at the 3' end seems to be unique to higher plants. The coding region of rice 17S rDNA is estimated to be 1812 bp. The rice 17S rDNA is 23 bp longer than the yeast 18S rDNA (1789 bp) and 57 bp shorter than the rat 18S rDNA (1869 bp). This is mainly due to two insertions (5 bp and 10 bp) at positions 651-655 and 995-1004 and two long deletions (11 bp and 26 bp) at positions 191/192 and 225/226 (Fig. 2) . It has recently been presented that D. discoideum 18S rDNA is 1872 bp long (4) and is the longest of all species reported so far. This is attributed to an unique insertion (79 bp) at positions 1366/1367. regions), suggesting that these regions are important for ribosome function. The 3 1 terminal regions of 17-18S rRNAs are well characterized among eukaryotes as well as prokaryotes (6, 8) .
It has been proposed that the 3' terminal regions are involved in interaction with the 5' terminal regions of mRNAs or the 3' terminal regions of 5S rRNAs (8) . The function of two other conserved regions is as yet unknown.
Highly variable regions (longer than 40 bp) which show less than 45% homology are found in positions 175-263, 648-751, 10^5-1089, 1340-1384 and 1674-1766. These sequences found in rice, X. laevis and rat are 7-23% more rich in G + C content than the rest of regions, whereas the corresponding regions of yeast are similar or less except for region II ( Table 1 ). The G + C content of 17-18S rRNA progressively increases from 45% (yeast) to 56%, (rat) during evolution. As conserved and semiconserved regions of 17-18S rRNAs are similar in G + C content among organisms, overall increases of the G + C content in the rRNAs are mainly due to increase in the G + C content found in highly variable regions. It is known that increase in size of 17-18S rRNA during evolution from prokaryotes to eukaryotes is the result of the four insertions (9, 10) . These inserts can be detected at the highly variable regions. Therefore, it is suggested that highly variable regions were originated by insertions of eukaryotic specific sequences into non-essential regions during evolution.
Several secondary structure models have been proposed for eukaryotic 17-18S rRNAs (9) (10) (11) (12) . When the secondary structure of rice 17S rRNA was constructed according to the model of Attnadja et al. (12) , it can be folded by base pairing in a similar way as shown in yeast and X. laevis. Most of the herical regions are maintained by many compensating base substitutions. It is noteworthy that highly variable regions also show roughly similar secondary structures to yeast and X. laevis (Fig. 3) .
Therefore, higher plant 17-18S rRNA is similar in primary and secondary structures to other eukaryotic rRNAs.
